The equations derived in part I of this series for a one-dimensional dislocation model are applied in this paper to the case of a monolayer on the surface of a crystalline substrate, particularly when the natural lattice spacing of the monolayer differs from that of the substrate. Justification is given for this extension of the equations to the two-dimensional case. It is shown that the theory predicts a certain critical amount of misfit (9 % difference in lattice spacing in a simple case) below which the monolayer in its lowest energy state is deformed into exact fit with the substrate, and above which it is only slightly deformed in the mean, having many dislocations between it and the substrate. The energy of adsorption as a function of misfit is also calculated, becoming almost constant above the critical limit. Up to a larger critical misfit (about 14 % in the same simple case) the monolayer can be deposited metastably in exact fit on the substrate, at sufficiently low temperature. Since the dislocated layer is mobile on the surface, completely oriented overgrowth of one crystal on another can only be expected if the first monolayer can be formed over the complete surface under subcritical conditions. This is in general agreement with observation.
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The equations derived in part I of this series for a one-dimensional dislocation model are applied in this paper to the case of a monolayer on the surface of a crystalline substrate, particularly when the natural lattice spacing of the monolayer differs from that of the substrate. Justification is given for this extension of the equations to the two-dimensional case. It is shown that the theory predicts a certain critical amount of misfit (9 % difference in lattice spacing in a simple case) below which the monolayer in its lowest energy state is deformed into exact fit with the substrate, and above which it is only slightly deformed in the mean, having many dislocations between it and the substrate. The energy of adsorption as a function of misfit is also calculated, becoming almost constant above the critical limit. Up to a larger critical misfit (about 14 % in the same simple case) the monolayer can be deposited metastably in exact fit on the substrate, at sufficiently low temperature. Since the dislocated layer is mobile on the surface, completely oriented overgrowth of one crystal on another can only be expected if the first monolayer can be formed over the complete surface under subcritical conditions. This is in general agreement with observation.
P r e l im in a r y in v e s t ig a t io n
We propose to apply the equations derived in part I for one-dimensional dislocations to misfitting monolayers on crystalline substrates. Before doing so we examine a little more closely the validity of these equations for a two-dimensional problem. Let us take as a simple first-order representation of the potential energy of a twodimensional square array of atoms, enumerated by n in the x direction, m in the y direction, on a crystal face on which the minima of potential energy for single atoms likewise make a square array (e.g. (100) faces of simple'cubic or close-packed cubic lattices): Here a(n + £,n m) -xn m and a(m + ynm) = are the co-ordinates of the ato enumerated ( n , m) . The first summation expresses the substrate potential, being (for different axes in the two cases) the commencement of a two-dimensional Fourier series representation of the field at the surface of either of the two crystals mentioned above. The second summation expresses the elastic resistance of the monolayer to change of lattice spacing from its natural value 6, not necessarily equal to that a of the substrate, as indicated by the vernier period of misfit, P0 = a/(6 -a). The third summation expresses the elastic resistance of the monolayer to shear, the expression in brackets being (for small differences of the displacements) equal to the amount by which the angle made by atoms ( n+ 1, value \rr. Thus y and v are respectively force constants for compression and shear of the monolayer. A is a force constant for shear at 45° to the former one.
The We omit further exploration of the mutual interaction of dislocations of different type, having established the general applicability of the one-dimensional equations to the two-dimensional problem, and the mutual independence of crossed disloca tions in important cases.
. I n t r o d u c t io n
Having confirmed the relevance of the one-dimensional dislocation equations to the two-dimensional monolayer, we shall use these equations to calculate the energy and stability of dislocated and non-dislocated states of the monolayer, for various One-dimensional dislocations. I I 219 degrees of misfit. Mathematically, it will be convenient to express the dislocation density indirectly, by means of the parameter (the argument of the complete elliptic integrals). On this account we may advantageously preface the mathe matical treatment by a qualitative explanation. Supposing there are no dislocations between monolayer and substrate, the monolayer therefore being homogeneously deformed to fit exactly on to the substrate, the strain energy involved depends quadratically upon the misfit. On the other hand, if there is no misfit, the formation of dislocations stores an amount of strain energy proportional to their number, whether they are positive or negative, until their density becomes high when there is additional energy due to their interaction. Thus, initially, the energy increases quadratically with the misfit and linearly with the dislocation density. When there is a finite amount of misfit (let us say, the monolayer is in compression) the energy required to form a positive dislocation is increased, and the energy required to form a negative dislocation is reduced. This reduction increases proportionally with the amount of misfit, and at a certain critical amount of misfit the net amount of energy required to make a dislocation becomes zero. Since the dislocations do not interact appreciably until they are close together, the dislocation density in the equilibrium state increases almost abruptly from zero to a large value on passing this critical amount of misfit. Thereafter, the dislocation density approaches asymptotically to the reciprocal of the vernier period of misfit, and the mean lattice spacing of the monolayer approaches asymptotically to its natural, unstrained, spacing. Numeri cally, the critical amount of misfit is shown to correspond to a difference of 9 % in the lattice spacings for a simple case, though there may be rather wide variation about this value, depending on the relative forces exerted by monolayer atoms on each other and on the substrate respectively. The energy of adsorption varies parabolically with the amount of misfit up to the critical value, and then rapidly approaches a constant asymptotic value. This is not the only critical condition of importance, for there still remains an activation energy for generation of dislocations, which only falls to zero with a larger degree of misfit (about 14 % in the same simple case). Unless the misfit exceeds this second critical value, it is possible for the monolayer to be deposited, at low tem perature, in exact fit on the substrate. This represents a metastable state which could eventually be destroyed by thermal activation.
Mis f it -dislocation d e n s it y r e l a t io n sh ip s a n d st a b il it y
It is clear from the foregoing that the energy and hence stability of a deposited monolayer on a crystalline substrate depends upon the degree of misfit and dislocation density. To every energy state, e.g. the lowest energy state, there corresponds a definite relationship between these two quantities.
Referring back to part I, equation I (9) provides us with an expression for the dislocation density 1/P in terms of k: 
which determines for a given value of k, and hence given 1/P, the limits of 1/P0, between which the system is in a metastable state, when its boundaries are free. The limiting condition for there being any dislocations at all is = 1, and hence corresponds to O^o/P o^l-The limit Z 0/P0 == 1/ kc orresponds to spontaneous dislocation, i.e. the state the generation of another dislocation needs no activation energy, whereas the limit Iq/Pq = (1/&2-1)* signifies spontaneous escape of dislocations, i.e. the state in which one of the existing dislocations can escape without activation energy. (For graph  see figure 1 .)
The graphs refer to negative dislocations (P0 > 0, 0). The corresponding graphs for positive dislocations (P0 < 0, l0 < 0) are the reflexions of t axis. This symmetrical character arises from our use of Hooke's law for forces between atoms of the monolayer and cannot accurately correspond to reality.
It may also be noted that 1/P = b/a-1, where b is the average lattice spacing of the dislocated system, and 1/P0 = 6/a -1, where 6 is its natural spacing. Thus the graph of IJP against IJP is likewise a graph of l0(bja-1) against l0(b/a-1).
F ig u r e 1. Dependence of relative dislocation density or l0(h/a-1) on relative misfit l0/P0 or l0(bja-1). A, lowest energy state (note l0/P = 0 when 0^l0/P0^2/n). B, spontaneous dislocation. C, spontaneous escape. In an average case in which l0~7, the critical con dition l0/P0 = 2/71 corresponds to a misfit of about 9 %.
V a r ia t io n o f m e a n p o t e n t ia l e n e r g y p e r atom WITH DISLOCATION DENSITY
For a given monolayer and substrate, i.e. for given values of l0/P0, the mean potential energy per atom as a function of relative dislocation density, is determined by equations (5) Whence it follows that the limiting value of the mean energy per atom, at which a chain containing no dislocations will start to dislocate spontaneously, is given by
The limiting misfit concerned is (1/P0)fe=1 = l/l0. 
1-

V a r ia t io n o f m e a n p o t e n t ia l e n e r g y p e r atom w it h m is f it
The functional relationship of mean potential energy per atom with dislocation density becomes clear, when one writes (6) in the form 
. A pplic a tio n s to m isfittin g m onolayers
Application of the foregoing to misfitting monolayers involves knowledge of the physical parameter l0 -(fiaPftW)*. An estimate of l0 was already made i for a monolayer on a crystalline substrate, both consisting of atoms of the same kind and assuming Lennard-Jones forces between atoms. The value obtained, namely, l0 = 1, depends on the rigidity of the monolayer and the binding energy between atoms of the monolayer and substrate, and can therefore be appreciably different for different combinations. It will be larger when the atoms of deposit are relatively incompressible, and weakly bound to the substrate, smaller when they are relatively soft and strongly bound.
The degree of misfit 1/P0 was defined for our one-dimensional model as (b -a)/a, where 6 is the equilibrium separation of atoms in the chain and a the substrate potential wave-length. In our application of this theory to monolayers on crystalline substrates, b and a will generally be the nearest neighbour distances of atoms of the natural lattices of deposit and substrate in the junction plane.
One may therefore expect that up to the critical misfit 2/7T^0 -9 %, the deposited monolayer will attain the same lattice spacing as the crystalline substrate, and will be free from dislocations and fixed with respect to the substrate. For degrees of misfit exceeding this critical value but less than the lijniting value 1/Z0~ 14 %, the generation of dislocations still needs an activation energy, and at sufficiently low temperatures monolayers can still be deposited undergoing deformation to a state of fit with the corresponding substrate.
Or ie n t e d o v e r g r o w t h
Considerations on misfitting monolayers further lead to predictions for some of the necessary conditions under which the orientations of thin films grown on crystal line substrates are related to those of the substrates. For degrees of misfit less than the critical values obtained in the previous section, the first monolayer that goes down takes up the same lattice spacings as the substrate, contains no dislocations, and is therefore rigidly fixed to the substrate. If the natural lattices of deposit and substrate are isomorphic, the pattern of atoms in this first monolayer is identical with that in a plane of the natural deposit lattice, and hence the next monolayer can grow on to this under conditions similar to those in which the first has grown on to the substrate. Evidently this growth process can also take place for non isomorphic lattices, provided the lattice of the deposit contains planes whose atomic configuration resembles that of the exposed surface of the substrate: this condition can only be satisfied on specific crystallographic surfaces of the substrate.
One may, however, expect the critical conditions at the free boundaries to change with film thickness, e.g. thickening will certainly cause the generation of dislocations at the free boundaries of an initially undislocated film, since the energy required to compress the thick film is much greater. Thus, a layer of two atoms thick will have a critical misfit of the order of (2)-i that of a monolayer, since l0 is proportional to /d (taking the elastic constant for a double layer to be twice that of a monolayer). On the other hand, once the first monolayer is completed it does not contain 'free boundaries on a flat substrate', since the film will also be completed around corners and edges and hence the boundaries will be pinned to the substrate. Its roughness further stabilizes the hold of the substrate on the film. A stable oriented film, pseudomorphic with the substrate, can therefore grow in this way, the essential condition
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One-dimensional dislocations. I I 225 being that the first monolayer initially fits on to the substrate, has a similar atomic configuration to a plane in the natural deposit lattice, and covers any flat region of the surface completely.
The large strains permissible in the thin films cannot, of course, persist into layers of indefinite thickness, a fact well established by experiments showing that pseudomorphic growth is no longer observed in sufficiently thick films. It will obviously be impossible to grow macroscopically thick layers with more than, say, 0-1 % of strain, corresponding to the yield stress of the bulk material. Thickening of films is therefore accompanied by processes which allow the bulk of thick deposits to be free from the large strains of the initial thin films. This transition from thin to thick films is worth more detailed theoretical and experimental investigation.
The general problem of oriented overgrowth on various surfaces of a substrate non-isomorphic with the deposit is exceedingly complicated, but from similar theoretical considerations to those above, one may anticipate that a two-degree orientation can exist when there is a similarity in spacing in one row of closely packed atoms in each lattice, as remarked by Wilman (1940).
We have already pointed out that one and the same critical misfit is not to be expected for all sorts of substances on all sorts of substrates, but various critical misfits for various classes of case, viz. large critical misfit when there is particularly strong binding between deposit and substrate and low rigidity of deposit, and con versely. For example, the large critical misfit characteristic of the oxides and iodides can be partly accounted for by the greater deformability of oxide and iodide ions respectively.
These theoretical considerations are in good general agreement with the experi mental observations which are summarized by van der Merwe (1949).
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